Single-crystal X-ray study T = 150 K Mean (C-C) = 0.003 Å R factor = 0.033 wR factor = 0.033 Data-to-parameter ratio = 13.6
The title compound, C 26 H 31 F 3 O 8 SSi, provides a unique example of the crystal structure of an organic trifluoromethanesulfonate attached to a primary C atom. The absolute configuration is determined by the use of d-ribose as the starting material.
Comment
Sulfonate esters provide a wide range of leaving groups for nucleophilic substitution reactions in organic chemistry (Bentley, 1991) . A -oxygen substituent very substantially retards either S N 1 or S N 2 reactions (Shaik, 1983) ; in carbohydrate chemistry, where there is always a -oxygen, nucleophilic substitutions at secondary carbons are usually too slow if a mesylate or a tosylate is used as a leaving group (Richardson, 1969) . However trifluoromethanesulfonate (Howells & McCown, 1977; Rakita, 2004) is an excellent leaving group with a rate increase of around 10 5 in comparison to tosylate in S N 1 (Takeuchi et al., 1988) and S N 2 reactions (Streitwieser et al., 1968) , and in decarboxylative eliminations (Fleming & Ramarao, 2004) . Trifluoromethanesulfonates are relatively unstable; few crystal structures of organic trifluoromethanesulfonates have been reported. The first crystal structure of a secondary trifluoromethanesulfonate was reported by Barnes et al. (1996) and a further two have been reported (Hung et al., 2001; Tremmel et al., 2003) . Although two crystal structures of primary trifluoromethanesulfonates of carboranes have been published (Herzog et al., 1999; Kalinin et al., 2005) , the present paper reports the first example of the crystal structure of a primary trifluoromethanesulfonate, (3).
In a study of secondary structures of novel peptides (Jockusch et al., 2006) , the synthesis of a number of carbonbranched sugar amino acids (Simone et al., 2005) required displacements by nucleophiles (X À = N 3 À , I À ) of the leaving group in the very hindered neopentyl trifluoromethanesulfonate (3), yielding (4). d-Ribose was converted to the protected hamamelonolactone (1) (Ho, 1979 (Ho, , 1985 as previously described. The less hindered primary alcohol in (1) was selectively protected as the very bulky tert-butyldiphenylsilyl ether (2). Esterification of the remaining neopentyl alcohol in (2) with trifluoromethanesulfonic (triflic) anhydride gave the trifluoromethanesulfonate (3) as a stable crystalline compound, allowing the first X-ray crystallographic analysis of a primary organic trifluoromethanesulfonate. The crystal structure of (3) confirmed the relative stereochemistry and the integrity of the trifluoromethanesulfonate functional group; the absolute configuration of (3) was determined by the use of d-ribose as the starting material.
There are no unusual bond lengths or angles in the structure (Fig. 1) , the largest differences from the Mogul norms (Bruno et al., 2004) being O8-Si1 (0.02 Å ; Mogul s.u. 0.01 Å ) and S1-O5-O4 (5.9
; Mogul s.u. 3.7 ). The Flack parameter refined to À0.04 (7), enabling the absolute configuration of the molecule to be assigned with confidence.
The crystal structure consists of discrete molecules without any specific strong interactions between them. The molecules are well separated in the b and c directions, giving the appearance of columns in close contact, parallel to a (Fig. 2) .
Experimental
Triflic anhydride (97 ml, 0.58 mmol) was added dropwise to a stirred solution of the silyl ether (2) (203 mg, 0.44 mmol) in dichloromethane (1.7 ml) containing dry pyridine (79 ml) at 243 K under an atmosphere of argon. After 20 min, thin layer chromatography (ethyl acetate/cyclohexane, 1:4) indicated the presence of a major UV-active product (R f = 0.45) and complete consumption of the starting material (R f = 0.11). The reaction mixture was diluted with dichloromethane (20 ml), and washed with aqueous hydrochloric acid solution (1M, 2.0 ml), then with a buffer solution [pH 7, K 2 H 2 PO 4 (0.51 M)/NaOH (0.38 M), 1.0 ml]. The organic layers were dried (magnesium sulfate) and filtered, and the filtrate was concentrated in vacuo to give a residue which was purified by flash column chromatography (ethyl acetate/cyclohexane, 1:6 to 1:3), to yield the trifluoromethanesulfonate (3) (239 mg, 91% yield) as a colourless oil which crystallized on standing. M.p. 367-370 K; [] D 25 +9.0 (c, 0.94 in acetonitrile); max (thin film): 1785 (s, C O) cm À1 . A sample of (3), suitable for X-ray crystallographic analysis, was obtained via solvent evaporation (ethyl acetate/cyclohexane). The molecular structure of (3), with displacement ellipsoids drawn at the 50% probability level. H atoms are shown as spheres of arbitrary radius.
Crystal data

Figure 2
Packing diagram of (3) All H atoms were found in difference Fourier maps, but were repositioned geometrically after each cycle of refinement; C-H = 1.00 Å and U iso (H) = 1.2U eq (C).
Data collection: COLLECT (Nonius, 2001) .; cell refinement: DENZO/SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO/SCALEPACK; program(s) used to solve structure: SIR92 (Altomare et al., 1994 ); program(s) used to refine structure: CRYSTALS (Betteridge et al., 2003) ; molecular graphics: CAMERON (Watkin et al., 1996) ; software used to prepare material for publication: CRYSTALS. Absolute structure: Flack (1983) 
